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ABSTRACT 

Pressure s igna tures  were measured a t  r o l l  angles ranging from 0" 
t o  180" f o r  a .016-scale model of  the Apollo Command Module spacecraf t  
a t  25" angle  of a t t ack .  The test Mach numbers ranged from 1.50 t o  10.02. 
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SUMMARY 

A wind tunnel test w a s  conducted t o  measure t h e  overpressure 
c h a r a c t e r i s t i c s  of t h e  .016-scale model of the  Apollo command module. 
Pressure s igna tures  f o r  t he  model a t  25" angle of a t t a c k  were 
measured a t  r o l l  angles ranging from 0" t o  180". 
graphs were taken a t  0" r o l l  angle. 
1.50 t o  10.02. 

Schlieren photo- 
The test  Mach numbers ranged from 

INTRODUCTION 

An inves t iga t ion  i s  underway t o  def ine  t h e  level of sonic-boom 
overpressure generated by space s h u t t l e  booster,  o r b i t e r  and launch 
configurations during f l i g h t  wi th in  t h e  Earth 's  atmosphere. 
cedure f o r  determining sonic-boom overpressures on the  ground is t o  
define the  near - f ie ld  pressure  s igna tures  f o r  the  range of an t i c ipa t ed  
f l i g h t  conditions and then t o  ex t rapola te  these s igna tures  t o  t h e  
f a r - f i e ld  (ground). Near-field pressure  s igna tures  can be accura te ly  
measured i n  ground-based test f a c i l i t i e s ,  but theory must be used t o  
perform the  ex t r apo la t ions ,  

The pro- 

The Ames Sonic-Boom Extrapolation Technique described i n  reference 1 
has been shown i n  references 2 and 3 t o  provide accura te  r e s u l t s  f o r  
widely d i f f e r e n t  configurations a t  Mach numbers between 1.20 and 
4 . 6 3 .  
reference 4 by comparisons of ex t rapola ted  pressure  s igna tures  with 
those measured during ove r f l i gh t s  of t he  XB-70 and X-15 a i rp lanes .  
However, the conditions f o r  which the  ex t rapola t ion  technique has been 
v e r i f i e d  d i f f e r  from those expected f o r  elements of t he  s h u t t l e  system. 
Shu t t l e  operations include maneuvering f l i g h t  a t  Mach numbers extending 
w e l l  i n t o  t h e  hypersonic regime while v e r i f i c a t i o n s  have been made only 
f o r  steady unaecelerated f l i g h t  conditions a t  Mach numbers less than 5. 
Therefore, consideration is  being given t o  eva lua t ion  of t h e  ex t rapola t ion  
technique using t h e  Apollo command module as the  test vehic le  since 
some of i t s  t r a j e c t o r y  parameters are similar t o  those f o r  t he  s h u t t l e  
vehic les .  

The accuracy of t he  technique w a s  f u r t h e r  i l l u s t r a t e d  i n  

The purpose of t h i s  r epor t  i s  t o  present  wind-tunnel measurements 

These pressure  s igna tu res  can be used t o  obta in  estimates of 
of near - f ie ld  pressure  s igna tu res  f o r  a model of t h e  Apollo command 
module. 
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ground-level overpressures produced by Apollo command modules re- 
en ter ing  the  Earth 's  atmosphere. 

NOTAT I O N  

d 

h 

M 

P 

AP 

Ax 

a 

9 

model diameter (0.0635 meters) 

a l t i t u d e  measured from t h e  center-l ine of s t i n g .  (This l i n e  
passes through the  center  of grav i ty  of t h e  fu l l - s ca l e  
Apollo command module) 

Mach number 

reference pressure  

sonic  boom overpressure 

incremental longi tudina l  d i s tance  measured along the  a x i s  
of t h e  wind tunnel 

angle of a t t ack ,  degrees 

r o l l  angle, degrees 

MODEL AND TEST PROCEDURES 

A .016-scale model of t h e  Apollo command module w a s  t e s t e d  i n  
the  20-inch (0.508-meter) supersonic and i n  t h e  21-inch (0.533-meter) 
hypersonic wind tunnels a t  t h e  Jet  Propulsion Laboratory. 
was set a t  25" angle of a t t a c k  f o r  a l l  of t he  test  Mach numbers. A 
sketch of the  model is  shown i n  f i g u r e  l ( a )  and t h e  model i n s t a l l e d  
i n  t h e  20-inch supersonic wind tunnel a t  zero r o l l  angle is  shown i n  
f igu re  l ( b ) .  For both t h e  spacecraf t  and t h e  model t he  r o l l  a x i s  i s  
c o l l i n e a r  with t h e  ve loc i ty  vec tor ,  
as t h e  angle between the  p i t c h  plane of the model and t h e  vertical  plane 
passing through t h e  ax i s  of t h e  overpressure probe. 
number pressure s igna tures  were measured f o r  r o l l  angles between 0" 
and 180' i n  increments of 30". 

The model 

The r o l l  angle i s  spec i f i ed  

A t  each Mach 

The pressure  s igna tures  were measured using a system cons is t ing  
of an overpressure probe and a pressure  transducer. 
probe w a s  a s l ende r  cone having an included angle of 2". The probe 
had 4 pressure  o r i f i c e s ,  90" a p a r t ,  around t h e  circumference of t h e  
c i r c u l a r  c ross  sec t ion  of t he  cone. The 4 pressure  o r i f i c e s  were 

The overpressure 
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manifolded together i n t o  a common chamber. The v a r i a t i o n  of t h e  
total-pressure throughout t h e  test Mach number range is  shown i n  
the  following t ab le .  

MACH 
NUMBER 

1.50 

2.00 

2.60 

3.20 

3.98 

5.98 

7.75 

10.02 

TOTAL 
PRESSURE, mm-Hg 

700 

700 

750 

750 

1000 

1000 

1500 

8000 

A remotely cont ro l led  l i n e a r  ac tua tor  i n  t h e  wind tunnel t r a n s l a t e d  
the  model, relative t o  t h e  f ixed  measuring equipment, longi tudina l ly  
along a l i n e  p a r a l l e l  t o  t h e  a x i s  of t h e  wind tunnel. 

PRESENTATION OF THE DATA 

Data i n  the form of Schlieren photographs and overpressure character- 
ist ics,  f o r  the  .016-scale model of the  Apollo command module at  25" 
angle of a t t a c k  are presented i n  f igu res  2 through 12. 

Schlieren photographs of model are shown a t  0" r o l l  angle i n  f i g u r e  
2 f o r  test Mach numbers ranging from 1.50 t o  7.75. 
t he  bow shock wave i s  near ly  symmetrical, the  shock angle above and 
below the model appearing t o  be nearly equal. 
t he  asymmetry of t he  shock becomes more d i s t i n c t .  

A t  Mach number 1.50 

A t  t h e  higher Mach numbers, 

Shown i n  f igu re  3 f o r  each Mach number are values of t he  maximum 
overpressure (shock s t r eng th )  p lo t t ed  aga ins t  r o l l  angle. The nearly 
symmetrical shock previously shown i n  f i g u r e  2 f o r  the Mach number 
of 1.50 produces a r e l a t i v e l y  small v a r i a t i o n  of maximum overpressure 
with r o l l  angle. Successively l a r g e r  va r i a t ions  of t he  maximum 
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overpressure with r o l l  angle occur with increas ing  Mach numbers. 
This a l s o  is  cons is ten t  with t h e  va r i a t ions  i n  bow shock wave geometry 
shown i n  f igu re  2. 
overpressure levels shown f o r  t h e  r o l l  anglesfrom 0" t o  120" were 
measured a t  a l t i t u d e s  s l i g h t l y  d i f f e r e n t  from those f o r  t h e  r e s u l t s  a t  
r o l l  angle of 150" and 180". 
s u f f i c i e n t l y  small s o  t h a t  a curve connecting a l l  of t he  da t a  poin ts  
would be representa t ive  of a constant a l t i t u d e  curve. 
s igna tures  f o r  the  various r o l l  angles are shown i n  f igu res  4 through 
11 f o r  a l l  of t h e  test  Mach numbers. A t  t h e  Mach number of 10.02 
only one pressure  s igna ture  was measured. A t  t he  Mach number of 7.75 
the  presence of a shock wave i s  noted i n  t h e  expansion region of t he  
pressure  s igna tures  measured with the  model a t  the  following r o l l  
angles: 0", 3 0 ° ,  60" and 90' ( f igu res  10(a) ,  10(b)).  This shock, 
a l s o  evidenced i n  the  pressure s igna tu re  measured a t  the  Mach number 
of 10.02 ( f igu re  11) is  considered t o  be caused by s t i n g  in te r fe rence .  
It i s  believed t h a t  t h e  da ta  can be corrected f o r  these  s t i n g  in t e r -  
ference e f f e c t s  by ex t rapola t ing  smooth curves f a i r e d  through t h e  
da ta  ahead of t h e  shock waves. 

A t  Mach numbers 5.98 and 7.75 t h e  maximum 

These d i f fe rences ,  are considered t o  be 

Pressure 

Results are presented i n  f igu re  12 .  
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